A Gram-stain-negative, non-flagellated, non-gliding, aerobic and rod-shaped bacterium, designated , was isolated from an oyster collected from the South Sea in South Korea, and was subjected to a taxonomic study using a polyphasic approach. Strain T grew optimally at 30 8C, at pH 7.0-8.0 and in the presence of 1.0-2.0 % (w/v) NaCl. 
The genus Winogradskyella, a member of family Flavobacteriaceae of the phylum Bacteroidetes, was proposed by Nedashkovskaya et al. (2005) with the descriptions of three novel species, Winogradskyella thalassocola (type species of the genus), Winogradskyella epiphytica and Winogradskyellaeximia. At the time of writing, the genus comprises 20 species with validly published names (http://www.bacterio.net/winogradskyella.html; Euzéby, 1997; Kim & Oh, 2012; Oren & Garrity, 2015) . All members of the genus Winogradskyella have been isolated from a variety of marine environments and marine organisms (Lau et al., 2005; Nedashkovskaya et al., 2005 Nedashkovskaya et al., , 2009 Nedashkovskaya et al., , 2012 Pinhassi et al. 2009; Romanenko et al., 2009; Ivanova et al., 2010; Yoon & Lee, 2012; Begum et al., 2013; Kang et al., 2013; Park & Yoon, 2013; Park et al., 2014) . During the screening of novel marine bacteria from an oyster collected from the South Sea, South Korea, many novel bacterial strains have been isolated and characterized taxonomically. One of these bacterial strains designated T , which is phylogenetically affiliated to the genus Winogradskyella, is described in this study. The aim of the present work was to determine the exact taxonomic position of strain T by using a polyphasic characterizationincluding phenotypic, phylogenetic and genetic analyses.
An oyster was collected from the South Sea at Tongyeong, South Korea, and used as the source for the isolation of bacterial strains. Strain T was isolated by the standard dilution plating technique at 25 8C on marine agar 2216 (MA; Becton Dickinson) and cultivated routinely at 30 8C on MA. Winogradskyella epiphytica KCTC 12220 T and Winogradskyella thalassocola KCTC 12221 T , which were used as reference strains for fatty acid and polar lipid analyses and DNA-DNA hybridization, were obtained from the Korean Collection for Type Cultures (KCTC; South Korea). The cell morphology, Gram reaction, pH range for growth, anaerobic growth, requirement for Mg 2+ ions, hydrolysis of gelatin and urea, and susceptibility to antibiotics were determined as described by Park et al. (2014) . Gliding motility was investigated as described by Bowman (2000) . Growth at 4, 10, 15, 20, 25, 30, 37 and 40 8C was measured on MA to determine the optimal temperature and temperature range for growth. Growth at various concentrations of NaCl (0, 0.5 and 1.0-10.0 %, in increments of 1.0 %, w/v) was investigated by supplementing appropriate concentrations of NaCl in marine broth 2216 (MB) prepared according to the formula of the Becton Dickinson medium except that NaCl was excluded. Catalase and oxidase activities were determined as described by Lányí (1987) . Hydrolysis of casein, starch, hypoxanthine, L-tyrosine and xanthine was investigated on MA using the substrate concentrations described by Barrow & Feltham (1993) . Hydrolysis of aesculin and Tweens 20, 40, 60 and 80, and nitrate reduction were investigated as described previously (Lányí, 1987) with the modification that artificial seawater was used for the preparation of media. Hydrolysis of DNA was investigated by using DNase test agar with methyl green (Becton Dickinson), with the modification that artificial seawater was used for the preparation of media. Hydrolysis of CM-cellulose (Sigma) was tested on basal medium agar [comprising l -1 artificial seawater: 12 g gellan gum, 1 g yeast extract, 0.5 g NH 4 Cl, 50 ml of 1 M Tris/HCl (pH 7.4) and 5 g low melting agarose] containing 0.5 % (w/v) CM-cellulose. Hydrolysis of CM-cellulose was revealed by flooding the agar with a 0. (Bruns et al., 2001) . The presence of flexirubin-type pigments was investigated as described previously (Reichenbach, 1992; Bernardet et al., 2002) . Acid production from carbohydrates was tested as described by Leifson (1963) . Enzyme activities were determined, after incubation for 8 h at 30 8C, by using the API ZYM system (bioMérieux); the strip was inoculated with cells suspended in artificial seawater from which CaCl 2 was excluded to avoid the formation of precipitates. For in vivo and in vitro pigmentabsorption spectrum analyses, strain T was cultivated aerobically in the dark at 30 8C in MB. The pigment absorption spectrum was analysed as described by Rainey et al. (2003) . The culture was washed twice using centrifugation with a MOPS buffer (MOPS/NaOH, 0.01 M; KCl, 0.1 M; MgCl 2 , 0.001 M; pH 7.5) and disrupted by means of sonication (VC505; Sonics & Materials). After removal of cell debris by centrifugation, the absorption spectrum of the supernatant was examined at 300-950 nm using an Eon Microplate spectrophotometer (Biotek). The culture was centrifuged, and pigments from the cells were also extracted using acetone/methanol (7 : 2, v/v). The absorption spectrum of the pigments was examined on the Eon Microplate spectrophotometer (Biotek). Morphological, cultural, physiological and biochemical characteristics of strain T are given in the species description, in Table 1 and in Fig. S1 (available in the online Supplementary Material). Sonicated in vivo extracts and acetone/ methanol extracts of strain T showed no absorption maximum characteristic to carotenoids.
Cell biomass of strain T for DNA extraction and for the analyses of isoprenoid quinones and polar lipids was obtained from cultures grown for 2 days in MB at 30 8C. Chromosomal DNA was extracted and purified as described previously (Yoon et al., 1996) , with the exception that RNase T1 was used in combination with RNase A to minimize the contamination with RNA. The 16S rRNA gene was amplified by PCR as described previously (Yoon et al., 1998) using two universal primers, 9F (59-GAGTTTGATCCTGGCTCAG-39) and 1512R (59-ACGGTTACCTTGTTACGACTT-39). Sequencing of the amplified 16S rRNA gene and phylogenetic analysis were performedas described by Yoon et al. (2003) . The almost-complete 16S rRNA gene sequence of strain TYO-19 T comprising 1481 nucleotides, representing approximately 95 % of the Escherichia coli 16S rRNA gene sequence, was determinedin this study. In the neighbourjoining phylogenetic tree based on 16S rRNA gene sequences, strain T fell within the clade comprising species of the genus Winogradskyella, particularly clustering coherently with the type strain of W. epiphytica with a bootstrap resampling value of 100 % (Fig. 1) . The relationship between strain TYO-19 T and W. epiphytica KMM 3906 T was also found in the trees reconstructed using the maximum-likelihood and maximum-parsimony algorithms (Fig. 1) T was 59¡4.3 %, which is below the value of 70 % that is commonly accepted to define a new species (Wayne et al., 1987) . The DNA G+C content was determined by the method of Tamaoka & Komagata (1984) with the modification that DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC equipped with a YMC ODS-A (25064.6 mm) column. The nucleotides were eluted by a mixture of 0.55 M NH 4 H 2 PO 4 (pH 4.0) and acetonitrile (40 : 1, v/v), using a flow rate of 1 ml min -1 at room temperature and detected by UV absorbance at 270 nm. The DNA G+C content of strain T was 39.0 mol%, a value higher than those of the type strains of W. epiphytica and other species of the genus Winogradskyella (Table 1 ; Kim & Oh, 2012; Yoon & Lee, 2012; Begum et al., 2013; Kang et al., 2013; Kim et al., 2013; Park & Yoon, 2013; Park et al., 2014) .
Isoprenoid quinones were extracted according to the method of Komagata & Suzuki (1987) and analysed using reversed-phase HPLC and a YMC ODS-A (25064.6 mm) column. The isoprenoid quinones were eluted by a mixture of methanol/isopropanol (2 : 1, v/v) using a flow rate of 1 ml min -1 at room temperature and detected by UV absorbance at 270 nm. The predominant isoprenoid quinone detected in strain T was menaquinone-6 (MK-6) in line with the genus Winogradskyella (Nedashkovskaya et al., 2005 (Nedashkovskaya et al., , 2012 Begum et al., 2013) and all other members of the family Flavobacteriaceae (Bernardet,2011) . For cellular fatty acid analysis, cell masses of strain T were harvested from MA plates after cultivation for 2, 3 and 5 days at 25 8C and cell masses of W. epiphytica KCTC 12220 T and W. thalassocola KCTC 12221 T were harvested from MA plates after cultivation for 3 days at 25 8C. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.2B). The fatty acids were analysed by GC (Hewlett Packard 6890) and identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . The cellular fatty acid profiles of strain T and the type strains of W. epiphytica and W. thalassocola are compared in Table 2 . The major fatty acids (. 10 % of the total fatty acids) detected in strain T were iso-C 15 : 1 G, iso-C 17 : 0 3-OH, iso-C 15 : 0 and anteiso-C 15 : 0 . The fatty acid profiles of strain T from the three different growth phases were found to be similar. The fatty acid profile of strain T was similar to those of W. epiphytica KCTC 12220 T and W. thalassocola KCTC 12221 T , although there were differences in the proportions of some fatty acids (Table 2) . Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) , and separated by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 3.8, by vol.) for the first dimension and chloroform/methanol/acetic acid/ water (40 : 7.5 : 6 : 1.8, by vol.) for the second dimension as described by Embley & Wait (1994) . Individual polar lipids were identified by spraying the plates with 10 % ethanolic molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) and with Dragendorff's reagent (Sigma). The major polar lipids detected in strain TYO-19 T were phosphatidylethanolamine and one unidentified lipid; minor amounts of six unidentified lipids, two unidentified aminophospholipids and one unidentified aminolipid were also present (Fig. S2) . The polar lipid profile of strain T was similar to those of W. epiphytica KCTC 12220 T and W. thalassocola KCTC 12221 T in that phosphatidylethanolamine was the only major phospholipid identified and one unidentified lipid was a major polar lipid. However, the polar lipid profile of strain T was distinguishable from those of W. epiphytica KCTC 12220 T and T , and one unidentified lipid (L11) and an unidentified glycolipid (GL) detected in W. thalassocola KCTC 12221 T (Fig. S2) .
The results obtained from the phylogenetic and chemotaxonomic analyses are sufficient to assign strain TYO-19 T as a member of the genus Winogradskyella. Strain T was distinguished from the type strains of W. epiphytica and W. thalassocola by differences in several phenotypic characteristics, including gliding motility, optimal temperature for growth, hydrolysis of some substrates, acid production from some substrates, susceptibility to some antibiotics, activity of some enzymes and polar lipid profiles (Table 1 ). These differences, in combination with phylogenetic and genetic distinctiveness of strain T , suggest that the novel strain is separated from other species of the genus Winogradskyella (Wayne et al., 1987; Stackebrandt & Goebel, 1994) . On the basis of the phenotypic, chemotaxonomic, phylogenetic and genetic data, strain T is considered to represent a novel species of the genus Winogradskyella, for which the name Winogradskyella crassostreae sp. nov. is proposed.
Description of Winogradskyella crassostreae sp. nov.
Winogradskyella crassostreae (crass.os9tre.ae. N.L. gen. n. crassostreae of Crassostrea, named after the generic name of the Pacific oyster Crassostrea gigas, from which the type strain was isolated).
Cells are Gram-stain-negative, non-flagellated, non-gliding and rod-shaped, approximately 0.2-0.4 mm in width and 0.4 to w10.0 mm in length; a few cells greater than 10 mm in length are observed. Colonies on MA are circular, slightly convex, smooth, glistening, pale yellow and 1.0-1.5 mm in diameter after incubation for 3 days at 30 uC. The optimal temperature for growth is 30 uC; growth occurs at 4 and 37 uC, but not at 40 uC. The optimal pH for growth is 7.0-8.0; growth occurs at pH 5.5, but not atpH 5.0. Growth occurs with 0.5-7.0% (w/v) NaCl (optimum, 1.0-2.0%). Mg In assays with API ZYM system, activities of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase are present, but activities of lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, bglucuronidase, a-glucosidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase are absent. Susceptible to chloramphenicol, lincomycin, novobiocin, oleandomycin, penicillin G and tetracycline, but not to ampicillin, carbenicillin, cephalotin, gentamicin, kanamycin, neomycin, polymyxin B and streptomycin. The predominant menaquinone is MK-6. The major fatty acids (w10% of the total fatty acids) are iso-C 15:1 G, iso-C 17:0 3-OH, iso-C 15:0 and anteiso-C 15:0 . The major polar lipids are phosphatidylethanolamine and one unidentified lipid.
The type strain, T (5KCTC 42462 T 5NBRC 110924 T ), was isolated from an oyster (Crassostrea gigas) collected from the South Sea at Tongyeong, South Korea. The DNA G+C content of the type strain is 39.0 mol%.
